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Introduction
The rail transport policy of the European Union has aimed to apply an open access model in which infrastructure management and train operation shall be separated from each other. The separation of these functions has enforced the introduction of access charges representing the prices of rail infrastructure use [21] .
Several surveys have been conducted evaluating rail infrastructure charges used in European countries. Reviewing the outcomes of these surveys it can be stated that a wide variety of both structure and level of charges exists in the examined countries: there are one or more steps systems combined with one or more tiers in the charging mechanisms. Total as well as marginal costs or both of them are used for setting prices. Sometimes even quality characteristics and external effects are also included in the price, etc. [18, 23] .
The common feature of various rail infrastructure charging systems is that in order to determine the prices, the costs of rail infrastructure use need to be calculated. These costs have to be calculated as exactly as possible so that the prices reflect service costs. Nevertheless, rail infrastructure management systems are in general very complex, so their cost structures are mainly characterised by a high ratio of indirect costs. In the level of elementary rail infrastructure services even 100% of costs can be regarded as indirect cost because the items can not be allocated to the infrastructure use tasks directly.
Comparing track usage costs and the charges levied leads to the key conclusion that charging systems adopting the full cost approach recover more costs than those adopting the marginal cost methodology [8] . It does not mean that rail charging systems should be established on a full cost basis only. Nevertheless, it inspires the investigation of the full costs of rail infrastructure use. Considering the fact that the related cost items are mainly indirect costs a calculation method shall be applied which is able to allocate indirect costs in rail infrastructure management systems as exactly as possible. Such a calculation model can be used as a second best solution for certain marginal cost values too.
This paper synthesises the results of a research aiming to adapt the multi-level full cost allocation (MFCA) methodol-ogy to transport and logistics, in particular to rail infrastructure management. Preceding the effective adaptation a general costing model describing the basic mathematical background is also elaborated. However, before going into the details of modelling and its practical application, it is worth reviewing the relevant literature. Although several cost calculation examples can be found in transport and logistics, none of them corresponds entirely to the methodological features of the intended MFCA modelling.
Cost calculation in transport and logistics
The literature contains transport or logistics related costing methods on macro as well as on micro economic levels, where the latter examples are more significant from the point of view of MFCA modelling. Starting with the macro economic applications, the most common topic in this field is the determination of total and marginal social transport costs. Transport accounts have been used for collecting the internal and external cost items of various countries. Lacking data have been replaced by estimations and the different categories of transport costs in macro level have been harmonised [17] . A rail oriented macro calculation has been carried out by analysing the internal and external costs of urban rail transit. Based on the value chain theory, the internal cost has been divided into preliminary planning and designing cost, constructing cost and operating cost. The external cost has been classified into the cost of air pollution, traffic accident and noise pollution [14] .
The micro level researches often analyse the cost structure of transport branches or companies. Some of them are related to rail transport. For example the costs of rail infrastructure use have been determined on the basis of commonly used cost drivers [8] . Early cost estimation models for urban rail transport utilising the multivariable regression and artificial neural network approaches have been applied to a data set of several projects by using 17 parameters available at the early design phase [12] . A cost allocation model has been built to share operation costs among multiple users of a single rail line. The model is based on multiple measures like gross tonnage, train hours or number of trains, etc. [21] .
Empiric research has been done on calculating the operation costs of bus transit transport. It turned out that physical and geographical features are important influencing factors of the costs in the case of such transportation services [9] . Another finding is that collaborative planning of transport tasks may reduce the costs of operation. Collaboration, however, needs an adequate cost allocation technique used in the network of cooperating actors [10] .
The activity-based costing (ABC) method has been used to determine the costs of road haulage services. It turned out that the adoption of ABC makes cost calculations more reliable as indirect costs are allocated on the basis of activities and their cost drivers [2] . Road freight transport has also been included into complex ABC analyses [19] . ABC models combined with other methods have been applied to evaluate the operational efficiency of air transport companies [16] .
Activity-based costing techniques are often applied in logistics. It has been proved that ABC principles can be applied to distribution systems after an adequate adaptation [20] . The effectiveness of ABC can be increased through the automated collection of performance data in distribution systems [24] . Logistics costs in manufacturing companies can also be determined by using ABC [13] . Traditional costing regimes are not appropriate in the case of logistics service providers either. Additional techniques, like ABC, shall be applied as supplementary cost and performance management tools. Nevertheless, no general costing model exists. The parameters of the costing model shall be adjusted to the operational characteristics of the examined company [11] .
ABC models can even be extended to supply chains and they contribute to the exploration of relevant cost drivers [14] . Nevertheless, an important condition of effective supply chain costing is the harmonisation of cost definitions and calculation procedures along the entire service chain [22] . It turned out that the improved and cause-effect based cost management of supply chains is more difficult in the service sector than in the manufacturing industry [1] .
Summarising the experiences of the literature review it can be concluded that there are several attempts to calculate and analyse transport or logistics costs, even in the rail transport sector. Transport or logistics related MFCA applications, however, have not been developed and realised so far. It shall be noted that well documented MFCA models of other sectors have not been reported either. Thus the elaboration of the general MFCA model and its adaptation to rail infrastructure management may be a useful contribution to the theoretical and practical methodology of transportation economics utilising management as well as technology knowledge. Of course the relevant published research results, for example the proposed cost drivers or the principles of cause-effect based allocation procedure, are also taken into account during the modelling process.
Methodology
The adaptation of MFCA to rail transport needs a general model describing the algorithmic procedures of the calculation. Such a decision support system is not presented in detail by the literature so the first task is to set up the basic model of MFCA including the main mathematical formulas. The calculation framework is defined on the basis of former research results [3] [4] [5] [6] [7] . Nevertheless, these results have been improved and systematised, which has yielded a consistent and relatively simply applicable costing tool.
The proposed model illustrated by Figure 1 depicts the operation of the examined company. It enables the identification of operational units causing the indirect costs and also the relations between these entities. The relations between the units and the elementary products or services can also be explored Per. Pol. Transp. Eng. through this modelling technique. The model consists of three types of elements: the cost objects, the profit objects and the performance relations connecting the objects to each other.
Indirect costs are first recorded in cost objects as primary costs. The primary cost of a cost object can be determined on the basis of the resources (e.g. workforce, means of production, extern services utilised, etc.) assigned. Cost objects are typically organisational units and pieces of equipment or machinery, depending on the operational characteristics of the company, and are arranged into a multi-level hierarchical structure. They can serve other cost objects or can contribute to the production of end-products or end-services. Each cost object shall be provided with an indicator measuring its performance. These indicators serve as cost drivers in the course of cost allocations.
Profit objects are the end-products or the end-services of the company which gain revenues. Direct costs can be assigned to profit objects directly while indirect costs are allocated through using the multi-level network of cost objects.
The relations between the objects represent the performance consumptions. These are the basis of cause-effect based indirect cost allocations. The allocation of indirect costs starts in the highest level of object hierarchy and goes to the lower levels. The process ends when all indirect costs appear in the profit objects. It shall be noted that intra-level relations or even feedbacks may theoretically exist in the model. Such kind of allocations can make the calculation very complex, which leads to iterative or heuristic solutions. That is why intra-level connections or feedbacks shall be ignored during the modelling process as far as it is possible, even if it mitigates the correctness and accuracy.
To support the mathematical description the following notation is introduced:
• cost object index: k = 1. . . n;
• service cost object index: i = 1. . . n (these are the same cost objects but here they act as service providers);
• profit object index: j = 1. . . m.
The total cost of a cost object is the sum of its primary cost and the (so called intern service) cost items allocated according to the relative performance consumption:
where:
C k total cost of cost object k; C p k primary cost of cost object k; C i total cost of service cost object i; p ki performance intensity, i.e. the relative performance consumption of cost object k at service cost object i.
The total cost of a profit object is the sum of its direct cost and the (so called indirect operational) cost items allocated according to the relative performance consumption:
where: C j -total cost of profit object j; C d j -direct cost of profit object j; p ji -performance intensity, i.e. the relative performance consumption of profit object j at service cost object i. The following restriction shall be taken into account for all i (i.e. the entire performance of each service cost object is consumed):
As mentioned above, the sequence of the calculation is fixed: the allocation has to be carried out starting with the higher levels and moving towards the lower ones. The cost of a given object can be calculated only if the total cost data of its service objects are already available.
Considering the ultimate or aggregated outputs of MFCA it can be concluded that its results are the same as the ones of the accounting system. The real added value of the model is the cause-effect based and traceable allocation of indirect costs. The more exact cost allocation makes it possible to ignore the arbitrary cost distribution techniques when determining the costs of elementary products or services in complex business-technology systems like rail infrastructure management.
Calculation model
After building up the general MFCA costing scheme the specific calculation model of rail infrastructure management is to be worked out. It means that appropriate cost and profit objects shall be selected and then their intern service connections or performance relations shall be investigated by adding also the suitable performance indicators and their dimensions. It is notable that the example model proposed in the following is one of the possible cost calculation systems of rail infrastructure management. Its elements and relations are based on documented or observed empirical information of relevant business and technology processes. So the model must be adjusted to the operation structure of the examined infrastructure manager (IM) company before the implementation. Fig. 2 shows the specific MFCA model of rail infrastructure management based on the improved presentation of former research results [5] . Single infrastructure use tasks (w = 1. . . W) have been selected as profit objects. No direct cost elements can be identified in this level. The cost objects can be classified into three groups: 1 the cost objects representing the general management or background intern services in the IM company like the general, the financial or the human management unit and the department for information technology (IT); Indirect costs are first recorded in cost objects as primary costs. The primary cost of a cost object can be determined on the basis of the resources (e.g. workforce, means of production, extern services utilised, etc.) assigned. Cost objects are typically organisational units and pieces of equipment or machinery, depending on the operational characteristics of the company, and are arranged into a multi-level hierarchical structure. They can serve other cost objects or can contribute to the production of end-products or end-services. Each cost object shall be provided with an indicator measuring its performance. These indicators serve as cost drivers in the course of cost allocations.
The relations between the objects represent the performance consumptions. These are the basis of cause-effect based indirect cost allocations. The allocation of indirect costs starts in the highest level of object hierarchy and goes to the lower levels. The process ends when all indirect costs appear in the profit objects. It shall be noted that intra-level relations or even feedbacks may theoretically exist in the model. Such kind of allocations can make the calculation very complex, which leads to iterative or heuristic solutions. That is why intralevel connections or feedbacks shall be ignored during the modelling process as far as it is possible, even if it mitigates the correctness and accuracy.
• cost object index: k = 1…n;
• service cost object index: i = 1…n (these are the same cost objects but here they act as service providers); • profit object index: j = 1…m. The total cost of a cost object is the sum of its primary cost and the (so called intern service) cost items allocated according to the relative performance consumption: The selected performance indicators and their dimensions are shown in Table 1 . These indicators have been identified on the basis of practice. Nevertheless, the complementary application of mathematical methods like regression analysis or analytic hierarchy process (AHP) may refine the set of cost drivers [4, 7] .
Calculation process
The effective calculation of elementary infrastructure use tasks can be performed by using Eqs. (1) and (2) on the basis of the cause-effect relationship network depicted in the specific MFCA model (see Fig. 2 ). The following gives a generalised guideline on the allocation procedure by using parameters instead of loading concrete data values into the model.
As mentioned before the sequence of the calculation steps is fixed. The first step is to calculate the total cost of the so called non-productive cost objects. These are not in connection with the profit objects and can generally be found in the higher levels of object hierarchy. The calculation sequence is also fixed within this group of cost objects as some of them are in service connection with each other. Table 2 shows how to calculate the total costs of non-productive cost objects by following the allocation sequence. The primary cost data shall be exploited form the general ledger while the allocated cost items can be calculated by using equation (1) . Note that the substituted performance parameters refer to relative performance consumptions. For example dir.no. f inman/genman = (the number of directions "consumed" by financial management) / (the number of directions "produced" by general management), and so on.
After having determined the total cost of non-productive cost objects the total cost of the so called productive cost objects can be carried out in the second step, similarly as in the first step (see Table 3 ). Such cost objects are in connection with the profit objects and can generally be found in the lower levels of object hierarchy.
The last step is to determine the total cost of profit objects, here of infrastructure use tasks. The calculation is performed by using equation (2), similarly as in the first and second steps. Note that no direct costs have been identified in this level so the total cost of a certain infrastructure use task consists of the allocated indirect cost items only (see Table 4 ).
Advantages and constraints of implementation
The example calculation has justified that the allocation of indirect costs in the MFCA model is transparent, traceable and is driven by cause-effect relations. So the calculated cost of an elementary rail infrastructure use task is probably more accurate than the result produced by the traditional costing regime applying arbitrary allocation principles, e.g. generalised average values or simple averaging, etc. If more accurate cost data of rail infrastructure services are available and they are utilised by the pricing regime the charging system will better reflect the operation costs and may contain less distortions.
Nevertheless, the outputs of the MFCA model may not be absolutely perfect even if they are generally more accurate than Per. Pol. Transp. Eng. the traditional values. It is caused by the constraints of implementation. The first problem to be mentioned is the low quality of input data. It is usual that the general ledger is not able to deliver the primary and direct cost data in the requested format. Furthermore, the technology information systems produce a lot of natural parameters but their outputs may not be sufficient for Another relevant problem is that the model does perfectly not reflect the operation of a company with an extensive service network and a complex operational structure, like a rail infrastructure manager. Some simplifications shall be accepted for the sake of applicability, so that the model can be implemented as a functioning decision support tool.
The constraints, i.e. simplifications or estimations, may mitigate the accuracy of MFCA costing models. Nevertheless, a non-perfect MFCA costing system may be even better than a traditional rail infrastructure costing regime. The accuracy of MFCA can be enhanced by improving the data collection mechanisms or through refining the operational model. These measures, however, will probably require additional resources. Thus a sound consideration of advantages and constraints is needed before deciding about the introduction of MFCA in transport sector, in particular in rail infrastructure management.
Conclusions
It can be stated that the adoption of MFCA method makes rail infrastructure costing more accurate and reliable, provided Σ above = total cost of "infrastructure use w" (C iuw ) that the adaptation to the operational characteristics is ensured. Distortions caused by the arbitrary allocation of indirect costs are reduced while the costs of elementary rail infrastructure services become visible. This information can be useful for better establishing rail infrastructure charging regimes.
The practical implementation, however, requires the detailed description of the calculation model and its algorithms, as well as the availability of high quality input data. It can lead to additional administrative expenditures. The modelling procedure may simplify the real operational conditions and estimations may also be needed to run the model properly. All these facts Per. Pol. Transp. Eng.
can reduce the reliability of the delivered costing information which is usually even better than the one of traditional costing.
Decision makers shall consider the advantages and the constraints of MFCA implementation when deciding about the scope of introduction. The advantages of MFCA can be utilised in companies where the management of indirect costs is difficult. As rail infrastructure managers are such companies it is worth considering the implementation of MFCA in this field along the principles and guidelines summarised in the paper.
